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▼There are several methods that can be used to introduce
point mutations in a cloned gene (Ref. 1). One is based
on the amplification by PCR of two overlapping fragments,
both of them including a mismatch that will introduce a
desired mutation (Ref. 2). In a second PCR round, the two
fragments are mixed with the most 5’ and 3’ primers, re-
sulting in a joined product which is then subcloned in the
appropriate position of the full-length clone. This method
is convenient and efficient. However, the introduction of
several mutations requires the sequential introduction of
point mutations, a very lengthy process that is costly in
terms of time and resources. Here we demonstrate that sev-
eral point mutations separated by hundreds of bases can be
introduced in a two-step PCR. In the first step, overlapping
fragments introducing the desired mutations are amplified,
and then several fragments are joined by a second PCR step.
We have applied this method to introduce silent muta-
tions that create new restriction sites at equivalent positions
in the NMDA receptor subunits 2A and 2C. In the proce-
dure to introduce several restriction sites in the NMDA-
2A subunit (Fig. 1), eight primers (b to e, and a’ to d’)
29−36 bases in length having 1−5 mismatches and two
additional primers flanking the 5’ and 3’ regions (a and e’)
were used to introduce the desired mutations. Thus, each
amplified fragment overlapped the next fragment by at least
29 bases. The amplificationmixture contained 50 ng of tem-
plate (vector plus insert summed to 11 kb), 500 ng of each
of two primers, 200 µM of each of the four dNTPs, and
1 U of DyNazyme II (Finnzymes Oy) in 50 µl final volume,
and covered with 40 µl of Johnson’s Baby Oil. We chose
to use this polymerase because it gave results comparable
with other, more expensive thermostable enzymes com-
monly used. The buffer used for the reaction was a 1:1 mix-
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ture of DyNazyme buffer (10 mM Tris-HCI, 1.5 mM MgCl2,
50 mM KCl, 0.1% Triton X-100, pH 8.8) and Taq buffer
(10 mM Tris-HCI, 1.5 mM MgCl2, 50 mM KCl, 0.2 mg/ml
BSA, pH 8.0) which attains higher fidelity by lowering
the pH, according to the manufacturer’s information. The
PCR was performed for 30 cycles, each cycling step lasting
1 min at 94◦C, 55◦C and 72◦C. The sizes of the five am-
plified products were A = 233, B = 185, C = 107, D = 83,
and E = 692. Each PCR product (20 µl) was separated in
a 1.5% agarose gel (Hispanagar). Bands of the appropriate
sizes were isolated and dissolved at 55◦C using 5 M sodium
perchlorate. The DNA was recovered using silica particles
(Sigma; S-5631) prepared and used as described (Ref. 3, 4),
and resuspended in 20 µl of Tris−EDTA (TE) buffer. An
aliquot (2 µl) of each silica-purified PCR product was mixed
with 500 ng of the most 5’ and 3’ primers (a and e’), and
subjected to PCR amplification as above. A single band of
1181 bp was observed in an ethidium-bromide-stained
agarose gel. The introduction of the desired silent pointmu-
tations was verified by parallel digestions with XbaI, MunI,
SpeI andNheI. A 583 bpHpaI−KpnI fragment was subcloned
into theNMDA-2A clone, and the sequence of this fragment
was verified.
We have also succeeded in joining the five fragments
(A−E) with an additional fragment (fragment F) of 272 bp
that included a unique HindIII site present in the cDNA
(Fig. 1), to give a product of the expected size (1420 bp) in
an agarose gel, plus at least five more bands of smaller size.
The 1420 bp band was purified and re-amplified using the
a and f’ primers. This DNA was digested with XbaI, XhoI or
with HpaI and HindIII, yielding fragments of the expected
size.
One concern when amplifying DNA by PCR is the ac-
cumulation of errors. Assuming that all template DNA
is duplicated in each PCR cycle, and the error rate is
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FIGURE 1. Strategy for introducing multiple mutations separated by several bases. In the first step, fragments carrying the desired mutation are
generated by PCR using pairs of primers (a−a’, b−b’, etc.). In the second step, the fragments A−F are joined by PCR using primer a (the most 5’) and
primer f’ (the most 3’). The numbers indicate the size of the PCR products.
constant, the theoretical number of errors is given by the
equation:
number of errors = n . pe . b/2
where n is the number of cycles, pe is the polymerase
error rate, and b is the number of bases. Therefore, for
an error rate of 6.4 × 10−5 (according to the manufac-
turer of DyNazyme), one would expect to find about 15
errors after 60 cycles (two rounds of 30 cycles) in about
8000 bases sequenced. However, we found only five er-
rors. This lower error number suggests that the fraction of
the DNA that was duplicated declined in each subsequent
cycle.
In summary, we have demonstrated that it is possi-
ble to join several DNA fragments by PCR in a single
step. We do not know if there is an upper limit for the
number of fragments that could be joined in one step,
or the lower size limit of the overlapping segment be-
tween adjacent fragments. However, we have demonstrated
that a 30 bp overlap is sufficient to join up to six frag-
ments of sizes ranging from 80 to near 700 bp in a single
step.
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Products Used
DyNAzyme II: DyNAzyme II from Finnzymes
agarose gel: agarose gel from Sigma
agar: agar from Difco
silica particles: silica particles from Sigma
silica: silica from Sigma
26 www.sciencedirect.com
